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The present invention relates to rotary macshine componentry, and more particularly reiates to a 
magnetic coupling of rotating p9rt9« 

Rotary maani^tto" WUpllrrg ^itangOTienls are kndwhT eTgTfr^ □S-B'-4,1B<,090 aha'EP-A'-358ri45. 
European patent application publication EP-A-356,145 discloses an electrorlieological fluid torque 
variable control of torque fn brake and clutch applications. Communication of mechanical energy 
between drive elements Is aooompii$hed by maanetic couplinQ. Permanent magnets are associated 
respectively with each of a first memb^ and a second member that are magnetically coupled through 
a surface of low magnetic perme^illty such that the first and second members rotate In unison. 

Thus, while magnetic couplings are Icnown, a problem (s that heretofore Ihere has been a lack of a 
coupling design capable of operating at the high-speed and in a sealed unit that copes with the 

extremely high pressure differentials encountered in some industries. Often, a problem is that II Is not 

possible to pre>vide such a device with small dimensions. 

I, 

The present Invention provides a rotary magnetic coupling, comprising: a first rotary member, Including 
a first shaft having disposed thereon a first magnetic member, said first shaft in use, being driven by a 
source of rotational energy, a second rotary member. Including a second shaft having disposed 
thereon a second magnetic member, said second rotary member, in use. r&ceMng roiailonal energy 
from the first rotary member through coupling of the first and second magnet merhbers, wherein one of 
said first and second magnetic members, or both, comprise a plurality of niagnet sections disposed' at 
different angular positions with respect to the axis of said first and second shafts. 

Preferably, the first rotary member is disposed within a hermetically sealed housing, a portion of the . 
housing being disposed between the first rotary member and the second rotary member and being 
made o f a n on-^agnetlc material. P neferaWy, the n on-magnetic m aterial comprises stainless steel, 
nlmonic alloy, or plastic 



In one embodiment, the first magnetic memt>er comprises an inner genarally cylindrical amnattjra 
portion inteiarai with the first shaft and a pfuralJft^ of first magnet sections fixedly attached on the 
.exterfor-of -the armature portion; and the-second magnetic member comprises an outer generaliy 
cylindrical supporting portion integral with the second shaft and a plurality of second magnetic sections 
fixedly attached to the interior of the supporting portion. Preferably, the first magnefic mranber further 
comprises a containment sheB, disposed on tt» exterior of the first magnet sections, for retaining said 
first magnet sectioris in postSon during high-speed rotation of the first ^atl. The contanment shell 
may be made of a composite material, for example carbon fibre reinforced plastic (Cfrf), Kevlar or 
glass fibre reinforced plastic (GRP). Preferably, the first magnetio member is disposed inside the 
second magnetic member and separated therefrom by the portion of ir^e housing. Preferably, the 
magnet se^^tlons comprise dipole magnels the N-S direcHcm of each extending radially. • 
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In anolher OTibodiment the fb^t magnetic member Is general^ disc-shaped and comprises a first 
mounfing section having fixedly mounted within it the pbrallty of first magnet eecUone, the first magnet 
sections theret>y fbmiing a dteo shape; and the second magnetic member is ganerany disc-shaped 
and comprl$e$ a second mounting sec^on having fixedly mounted within it the pluraiity of second 
m)9gnet-5ecUonrarrttiB"seGond^magnet*s©ctlO"ns^tiierebr*^^ 

second magnet sections form sectors of a disc. Praferabty» the first and second magnet seclions 
comprise dipoJa magnets with the N-S direction of each exiendmg axlaliy. Preferably, said first disc- 
shaped m^netic m^ber is disposed axieliy aligned edjaoent the second disc-shaped maghellc 
member and separated then^rom by the portion of the housing. 

Preferably^ the number of magnetic sections of. ssid first magnetic member, and/or said second 
magnetic member, is an even number of 2 or mora. Mora prBferably, the number of magnetic sections 
of s^d first magnetic member, and/or said second magnetic member, Is 4. 

Pnsferabty, the said magnet sections are made of ferrite material, samarium cobalt or neodymium Iron 
boron. 

The irvvention fUrtl^er provides a waste energy recovery system, for extracting energy from a source of 
waste, heat, the system being a dosed system with a circulating working fluid, compnsing a heat 
exchanger, an eiectramecharuoai conversion unit, a cooling system and a turbine unit, the turbine 
being hemnetlcally eealed and being coupled to the electromechanical oonvmion unit by a magnetic 
coupling according to any of the preceding dabns. 

An advantage of the Invention Is tiiat it Is usable at high rotationai speeds (e.g. 25,000 to 50,000Rpm}. 
An additional advantage is that it provides a sealed unit pneventing escape of the (sometimes harmful 
or hazardous) working fluid powering the turtrfne. A further advantage tiiat a relatively compact 
design of the turbbie is permitted; end the mechartol isolatiortfmegnetic coupling is particularty 
advantageous In enabling the turbine p^wer to drive an off-the^helf aitemator. such as those found in 
automotive applications. 

The foregoing attributes ensure thrt the magnetic coupling may advantageously be employed in 
systems (e.g. Ranldne cycle systems) vA)Bte energy conversion occurs from fluids (gases) at very high 
rotetlonai speeds. 

The present Invention win now be described, <>y way of example, with reference to the accompanying 
drawings in which: . ^. . . 

Figure 1 is shows (a) schematic overview of an energy recovery system in accordance with one 
aspect of the invention, end (b) intermediate decfronic^ modifying the output of the altemator;. 
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Rgure 2 Is 9 schematb tllusiration of the derivation of one source of waste \n one aspect of the 
invention; 

FIgup© 3 illustrates In more detail the turbine unit end alternator of Fig. 1 ; 
Rguf© 4 is en enlarged view of ttie turiilne bearing In Fig. 3; 

Figure 5 shows in more tfetaU the beerlng member employed in the bearing In Fig. 4. Indlcallne fluid 

now^'ahd'""" • ■ • • .... .... 

Figure 6 niustrates an altennauve (magnetic) coupling of ihe turbine unit and alternator of Fig. 1, in 
another aspect of tfie InvenSon. 

Turning to ih« drawings. Fig. i(a) to a sohematfc overview of «n energy recovery system in 
accordance With one aspect of the lm/eo«on. A main heat exohanger 102 l«s at least one source fluid 
Inlet 104 through which it receives a heated source fluid Incorporating the thermal eneigy thai Is 
sought to be recovered by the system. The temperature of the souice fluid upon enteUng the main 
heat exchanger 102 is designated t1. 

The mam heat e«iianger 1Q2 may be driven by any eouire of heat, and examples of the source fluid 
Include hot air, steam, hot oil, exhaust gases fhm, engines, manutdeturing process waste hot fluid etc 
AiiemativBly. the heat source may be solar thermal energy that heats a suitable fluid (e.g. heat transfer 
oil) that fonns the source fluid for the main heat axohangeri02. > 

Refemnfl briefly to Fig. 2. this is a schematic illustration of fl,e derivation of one source of waste In one • 
aspect of the invenHon: an important example of wasted energy la the ubiquHous internal combustlOh 
engine, be R petrol, diesel or gas ftielted, reciprocating or turtrfne. The beet simple cyde fbsall fuelled 
engine (pther than very large power staUons or marine engines) will be between 35-«)% effldenf this 
means that 6(«fi% of flie energy fl^m fl« fuel used to drive the englna is lost as waste heat. 

Returning to Fig. 1(a). the source fluid exits the main heat exchanger 102. at a reduced temperature 
t2, via at least one souroe fluid ouUet 1 0S. 

' The mam heal exchanger 1 02, which Is suitably of the cross counter flow type, also has a woricing fluid 
.met 108 and woridng fluid outlet 110. through which H receive, (as a liquid at temperature 13) and 
despatches (at temperature t4). respectively, the wort<lng fluid of the system. TTie woitong fluid, which 
is heated and vapourised .wifhln the main heat exchanger 102. Is carefully chosen so that Its 
themiodynamte and chemical properties are Suitable to the system design and the operational 
temperatures and pressures. In one embodiment, the Woricing fluid Is HFE-7100. 

After exit from the worWr^g fluid outlet 110 of the niain heat exchanger 102. the gaseous vwirldng fluid 
flow* in the direction of arrows A to the turWne lnlet .1 12 of turbine unit 1 14. The worthing fluid arrives at 
the tu*,ne unit 114 at pressure pi. ioses heat and pressure h driving" the turtjlne (not shown) ' 
mounted on turbine shaft lie within the turbine unit 114. and exits the hirblne unit 114 via turbine - 
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outlets 1 16 at pressure p2, wW«*i \& substantially lower than pi. In on© embodiment, the pressure pi Is 
1 1 .5 bar absolute and the pressure p2 Is 1 .0 bar absolute. 

In on^ embodiment, the turbine shaft 116 i9 mountecJ on a bearing <not shown) and is mechanically 
coupled to an eltemetor 120, e.g. the turbine end allemator armature (not shown) are mounted on a 
common'shaft'l 16r|nthis'weyrWgh^9peed ro^^^ 

be senerated In the alternator 120. the consequent voltage appearing at the alternator'output 122. The 
coupling of the turbine shaft 1 16 to the alternator 120 is described further herelnbelow with reference 
to Figs 3 to 5. 

After exit from the tuiblne ouHais 118, the working fluid travels in the direcHon of anx»ws B to Inlet 124 
ofa second heat exchanger 12B, wWchactsasa prehaaterof the working fluid using the turbine 
exhaust. The working fluid is therefore input to the second heal exchanger 126 at temperature 15 and 
exits via outlet 128 at a lower temperaftire IS. AA the same time, the second heat exchanger receives 
another flow of working fluid {In the direction of arrows C), below tts boiling po&it and In liquid tarn, via 
inlet 130 at temperature t7. In the second heat epcchanger 126, thennal energy Is transferred to the 
flow of working fluid an^ivlng at inlet 130. the working fluW exte via outlet 132 at temperature 13, and 
flows {In the direction of arrows D) to the inlet lOfl of the main heat exchanger 102. 

The system also includes a condensing, unit (or water cooler) 134, fn v*ioh ooM water anives via Inlet 
130 and exits vfe outlet 138. In operation, working fluid lirom the Mcond heat exchanger 128, flowing 
m the dlrectton of arrow E. arrives In the condensing unit 134 via Wet 140, Is cooled and condensed 
into a liquid in the condensing unit 134. and then departs via outlet 142. This liquid working fluid (at 
temperature t?). is forced by pump 144 via valva 146 in the direction of arows C and fomis the 
second supply of working Huld anlving at second heat exchanger 126, to begin the cycle all over 
again. In one embodiment, a separate fluid line 160 delivers liquid wortdng fluid to the bearing coupling 
the turiMne unit 1 14 and tho allemator 120, for lubrication. 

Thus, the systOTi operates on a RanWne cycle and Is sealed, so that there is no escape or 
consumption of the working fluid, which simply oyoles tlwough Its various phases. 

In one embodiment, the system includes a control system 160. to oontrol the power output hy the 
system. Most existing Ranklna cyde machines are low speed uiwts wrHh synchronous aitamatars, 
running at the same frequency as the grid supply. Turbine speed and power oontrol Is generally by 
valves to bypass the tuitolne. However, the system according to one aspect of the present Invention 
employs a high-speed aJbamator 120. and a power-condiHqnIng unit is preferably used to convert the 
high frequenc^r alternator output to malpjs frequency. 

More specifically, the-control system inOludes Intennedlale electronios 151. a power oondltfcnlng unit 
(PCU) 152 and a controller 154. The power output tiy the alternator 120 at outputs 122 is at a vary 
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high frequency, due to the high-speed rotation of the turbine shaft, and Is modified by Intermediate 
electronics 151 , which is described in more detail In Fig. 1(b). 

Referring to Fig, 1(b), the outputs 122 oT the altemstor 120 are coinnected to ths lnpui& 160 (thrds of 
them, for a 3*phase altemator) of Intennediate electronics, generpliy designated 151. The first stage of 
inlerrnedlate electlwSw 151 is an optionaT^nifomier¥l£ige 162^ for Sooiflng ffio volfige'dh eaEfi"6f " 
the lines: this ensunss, when needed^ that there is sufficient dc voltage eventuaily appearing at the 
PCU 152 that a complete 240 V sine wave (as per UK mains supply) can be generated at the output of 
the PCU 152. In certain embodiments, hpweven the voltage level output by the alternetor 120 le high 
enough such that the transformer etege 1 62 can be omitted. 

Next, the voltages output by the ta^nstormer stage 162 et 164 pass to e reetrfioatton stage 166. 
comprising a set of six rectificallon diodes 168, as is well known in the art. Thus, a rectffiedi near dc 
s/oltage is supplied at outputs 170 of the rectification stage 16B, and this, in normal operating 
conditions appears at the outputs 172 of Ihe intermediate electronics 161. 

In the event of a sudden loss of grid connection all attemator io&d will be lost. This could cause a 
sfgnfficant overspeed of the ellemator 120, and so as well as a dump valve (not shown) to bypass the 
turbine, the intermediate electronics 161 indudes a safety stage 174 that Includes a dump resistor 168 
to supply a load to the altemator 120 in the event of loss of grid connection, to prevent overspeed. * 

A transistor 175 is in series with the dump resistor 158 across the outputs 17g. with the base b of , the 
transistor 176 being driven by an overspeed detection unit (not shown). The latter supplies a PWM 
signal to the transistor 176, the duty cycle of which te proportional to the ^dent of overspeed, so ihat 
the higher the overspeed the greater the load applied by the dump resistor 1 SB. 

As can be seen In Fig. 1(b). the power supplied at caputs 172 (refen-ed to herein as dc bus) is at 
voltage V and current I, and this i$ supplied to the PCU 152. The PCU 1 52, which is known in Ihe art, 
Is adapted to convert power from dc to ao at the n^alns firequency (50 Hz In UK) and voltage (240 V }n 
LAQ. The PCU In turn is able to vary the do bus voltege so as to adjust the power output of the system. 

Varying the dc bus voltage (V In Fig. 1(h)) in the power conditioning unit 152 controls the speed of the 

turbine shaft 116. Reducing the bus voltage Increases the load-on the alternator ^20, causing more 

cunrent to be drawn from the alteinator. Convers^y, increasing the bus voltage causes the altemator 
current to drop. By calculating the power (e.g. using P^VL or using a power measuring device) tjefore 
and after the bus voltage change, it can be determined whether the power was increased or 
decreased by the bus voltage change. This aflows the pcfint of maximum power output from the 
alternator 120 to be found and then contlnuaDy liracked' by altering the bus voltage. 

in one enrU>odiment, the vortage supplied by the ahemator at no load Is ^OVac (alJ vott^es are 
measured line-to-line) on each of the &iree phases at 45,000rpm, the maximum rated speed of the 
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alternator 120. The lowest speed at which power can be generalad Is 28»000rpm, St which point the 
voltage is 160 Vac at nc load, increasing the load will aldo reduce the alternator voltage: for example 
at 4S,000 rpm the vdtage will be 21 Q Vac at 6.3 kW. 

The tx>n*rol of power output by varying the bus voltage may be ImplementBd by suitable analog or 

" digitai*el«ctroTilcs7WlCrocontrqBerr^^^ 

computer (PC) as the Contrdter 154. Preferably, howsvor, the power output is controlled automatically 
using a suitably programmed PC or other computkig machinery as the controller 164. In eWier case, 
the PC communicates with the PCU 152 by means of a RS232 serial communications device, 
although a RS422 or RS485 adapter oould eleo be used, as is known in the art. The PC may thus, at 
any time, have a readbig of V and f , tireraby enabling ffke instanteneoufi power to be known. 

in t ha case o f a utomatic P C c ontrol, t he m ethod of c ontrol m ay b e b y m eans o f s uitable 9 oftware 
implementing the following. 

While system id ON do 

increase bus voltage by one voltage step 

Measure new power (=VI) 

if new power less than or equal to old power then decrease voltege by one voltage step 
-do " • ' • • * ■ 

decrease voltage by one voltage step _ ... 

measure new power 

while new power mora than old power 
else do 

Increase voltage by one ventage step 

measure new power 

wh9e new power more than old power. 

it will be appreciated by persons skfiled in me art that the size of the voltage step m determined by 
operating conditions and is a sultabiy determined small fraction (e-g, 1-2.5%) of the mean bus vottage. 
In on eml>odiment, the voltage step cha^e is made about every second. 

One other optional feature incorporated in ttie system is a working Auid purificatfori s^^tem. generally 
. designated 170 in Fig. 1. As mentioned hereinabove, tf there are non-condensable gases present 
during the running of the system, overall performanoa can be substantially reduced. I.e. the pressure 
ratio of the turbine is lower than It should be. Per example,, in the turbine mentioned in tha examples 
hereirii Ihe Input pressure is projected to. be 20 l>ar; and Sf the output pressure p2 is 2 bar rather 
than the Intended 1 ban the pressure ratio Is 10 rather than 20. giving signtficantiy reduced 
perfomiance^ 
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A difficulty Is that whan fHiing iha system Initially, the worWng fluid fe a liquid and the re$t of the system 
must be fDled with a gas, for example nitrogen. When pdrfom^lng this step the pressure can be 
reduced to below atmospheric pressure to reducd the ma&s of nRrogen in the system. However, the 
pressure cannot be redui^dd too tnudn, or cavitation will occur In the pump* Therefore, the optimum 
way to remove the unwanted gas from tha aystem is during the running of the system. 

The working fluid purification system 170 Includes a oonduit 172 connected at one end to e point Q on 
ihe second heat axchartgar (pn&heater) 126 and at the other end to control valve 174 which may be at 
the base entrytexit port 176 of an e)q[>ansion tank 176. which, in one ejcample. may be the type of 
expansion tank used In central healing systems. The expansion tank 176 has a flexible membrane or 
diaphragm 1 78 so that R may Hi Its lower part contain a variable volume V of gas and/or liQuld. 

In the example (6kW system) mentioned hereinafter, the measurements ara as follows. 
System volume 70 litres 

Fluid volume 18 litres 

Expansion tank volume SO litres 

As can be seen, when the system is iniHally fllied with fluki« there wHl be 52 litres of nitragen* Uswering 
ihe pressure of this gas with a vacuum pump reduces the amount of gas that has to be held In the 
expansion tank 176, meaning that It can be made smaller. This pumping also causes the diaphragm 
178 expand downwards into tfie expansion tank, making the whole of the tank, or nearly ail of. it, 
available for receiving gases. 

As nttro^n gas has a lower dansily than that of ma working fluid vapour. R tends to accumulate at the 
highest location within the system. At this point (Q in Fig, 1), the fluid can be taken away to the 
e>^enslon t&r^K 176, the dlaphragrn 176 allowing expansion to take place, enlarging volume V; i.e., 
with the control valve 174 open, the gases are allowed to move slowly Into the ^panslon tank 176. As 
the nibogen has a lower density than the working fluid, most of the contente of the expansion tank 176 
will be nitrogen, >Mth Just a little worHins fluid. 

Once the valve 174 has dosed, the e^anslon tank 178 and its <»ntents cool down neturally. causing 
the working fluid to condense. The n^ time the control valve 174 is opened, the (now liquid) working 
fluid Sows .back, under gravRy b^ck Into the- main-circuit of the system (vla-control -valve 174 and 
conduit 172)), while the non-condensable gases tend to stay in the expansion tank 176 due to their 
. lower density. A cyde of (a) control valve OPEN for a fbcsd parlod^ followed by (b) control valve 
CLOSED for a fixed period Is used -to purify the working flukj, and this cyde may be repeated several 
limes (for example at>out 3 to 5 times), dur&ig the start up of the energy racovery system,, to coliecl as 
much nitrogen In tha exj^slon tank 176 as possible. In the aforementioned (6kW) system, the control 
valve 174 Is opened for or\e minute and then olased for ten minutes. The opening and closing of the 
control valve 1 74 m ay b a performed manually, o r i t may b e performed a utnmatk^lly by a s ultable 
oanlrcdler, Iry this, case controller 154. 
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The Bystem prel^iably a l80 includes a pressure sensor couple to the coniroller 1S4, the pressure 
tensor being positioned to sense the pressure at me d)dt of the expansion devtee (turbine); and the 
puriffcation cycle may be repeated if pressure starts to tHJild up during normai running of tfie system 
and n is detected dt the pressure sensor that the pressure has exceeded a piedetermlned aeft 
thresholdr- • - - - • ' " 

Figure 3 fflustrales In more detail the coupling of the turbine unit and alternator of Rg. 1(a>. Here, the 
turbine unit is generally de^gnaled 1 14 and the aliemator generally designated 120. The turbine shaft 
rotates about an axte 3Q2 and is integral with a section 304 that forms part of the lotor 306 of the 
alternator 120. Generally partial cylinder permanents magnets 308 are dfsposed on the section 304 of 
the shaft 116, Retaining the magnets 308 In posttion on the shaft 1 18 is a retaining cylinder 309: this 
retaining cylinder (made of a non-magnetic material such as CFRP) ensures (hat the magnets 308 are 
not dislodged during high-speed rotation of the shaft 1 16, The stator 311, incoiporatlng a plurality of 
windings (not shown) in which Current is generated. Is mounted around the rotor 306, ae is well known 
in the art, end Is enclosed within housing 310. The section 304 of the shall 116 Is supported at one 
end of the housing 310 by Journal tvearing 312, and at the other end by the bearing generaliy 
designated 314, vyhich is described in more detail hereinafter. 

Figure 4 Is an enlarged view of the turbine-bearing coupling in Fig. 3. As can be seen, the turbine unit 
1 14 Includes a first turbine stage 402 and a second turbine stage 404. High pressure heated working 
fluid present (at pressure pi) \n the space 406 within the turbine unit housing 408 enters via inlet port 
410 of the first turtilne stage 402 and flows In the direcflDn of wow F so as to be incident upon a first 
series of vanes 412 securely mounted on the shaft 1 16. The fast flowing working fluid thereby imparts 
rotationsl energy to the shaft 116. Upon exiting the first tuiMne stage 402 (at pressure p3)> the working 
fluid flows in the direction of arrows G. 

the workirig fluid at (Intermediata} pressure p3 (whlc^ Is sulMtantialiy less than pi. tnit stfll 
relatively high) passes, via conduit 413, to ttie next turbine stage 404. Here, the working fluid enters 
via inlet port 414 of the second turbine stage 404 and ftows In the direction of arrow H so as to be 
incident upon a second series of vanes 416 securely mounted on the shaft 116. The fast flowing 
working fluid thereby imparts further rotatlonai energy ^to the shaft 116. Upon exiting the second 
turbine stage 404 (at pressure p2). the working fluid flows In the direj^lon of arrow J- Thus, p1 > p3 > 
p2. 

As can be seen, the axiai and radial dimensions of the vanes 418 of the second turt>ine stage 404 are 
greater than th^e of the vanes 412 of the first turbine stage 402, In one embodiment/ ihere. are two 
turbine stages of equal diameter, and the a>dai dimension of the first turbine stage is 3/10 of the 
diameter, and the axiai dimer^ort of the second turbine stage is 4/10 the diaivialer. in another 
embodiment, there are three turbine stages. The diameters of the first, second and third turbfne stages 
are In ttie ratio 4 : 6 : 6, TTie axfal dimension of the first turbine, stage Is 0.375 x the respecth/e 
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diameter The pxiai dimension Of the second turbine stage te 0-36 x the respective dtemeter. The axial 
dimension of ihe first iurtiine stage Ib 0.33 x the respective diameter. 

A washer 419 i9 provided thcedly «itteched to e ehoulder 420 of the fairblne stage 404 and lias its other 
surface ^abutting « bearing member 422, whfch le deeoribed In more detail hereinafter, and in 
operation; the working- flttld^pBrmeatesrtherspace between the~ washer 418 and'the'bearing~member ' 
422, so as to provide lubricafipn. 

The bearing member 42!^ has a generally T-shaped crpss-sectlon. Jt includes a first bearing surface 
424 on a raised portion on the top of the T; and in use, this surfiace is disposed opposite a second 
bearing s urface 426, of substantially the same annular shape andsize^on the shaft 1 16 near the 
armature section 304. The bearing member 422 has a central cylindflcal channel 428. thereby defining 
a cylindrical third bearing surfiace 430 on bearing member 422 that Is disposed opposite fburth bearing 
surface 432 on ihe outside of shaft 116. A fifth bearing surl^ce 434 Is provided on the bearing member 
422 on the ^nd thereof opposite the fir^t bearing surface 424, and this is disposed opposite a 
respective surface of the washer 418. in one embodiment, the worlcing fluid permeates all the spaces 
defined opposite bearing surfaces 424, 430 and 434 of bearing maml>er 422, thereby providlhg 
lubrication of the bearing. In one embodiment, the woricing fluid Is provided as a liquW from the pump 
144 (se^ Fig. i<a)) via a fluid pipe 190. separate ftom the main flows, communicating with the outer 
suriiace of the bearing member 422. 

It will be appreciated that the bearing in this form provides a bi-directional thrust bearing: the bearihg 
memfejer 422 has two bearing sMifaces 424 and 434. enabRng it to receive thrust in two directions. 

Rgure 5 shows in mora detail the bearing member 422 employed In ihe bearing In Fig. 4, indicating 
fluid flows. Figure &(a} Is an and view showing the firai bearing surface 424. The flange 502. forming 
(he top of the T. )s provided With two scnew hg^es $Q4 enabling the bearing member 422 to i^ s<?ewed 
or bolted to the housing 310 of the attemator 120. Six equally spaced radially extending fir^t elongate 
recesses (slots) 506 are disposed in the first t>earing suriace 424, extending from radial inner 
extremity of the finst bearing suriiace 424 towards the outer radial extremity of the firs bearing surface 
424i enabling the passage of lObricant fluid. As can be seen In Fig, SQ>), each recess 909 does not 
quite reach the outer extremity 508 of the firat bearing surface 424. In the embodiment of Fig. 5(a), 
- - • - each recess 506 is provided with an axialiy extending second lubrication channels 610, whk^' extend 
to a circumferential recess (or groove) described hereinafter. 

in other embodiments, th&a may not be a second lubricaOon channel 510 in each recess 506; for 
example. Fig. 5(c) Illustrates fhB case where a second lubrication channel 510 Is provided In only two 
of the recesses 506. 

Referring to Fig, 5(d), a drcumferentialiy extending recess (groove) 512 is provldBd In the outer 
surface.514 of. bearing member 422. it can been seen lhat.flnst iubrication channels 516 (here, four of. . . 
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ttiem, equally drcumferential|y spaced) extend belwean the cJn;umferentlally extending recess 512 
and the Interior of the bearing memlw 422. aDowing passage of lubrication fluid. As best seen In Fig. 
6(e), the seconc^ lubilcalion channela 510 i^nd batw^en the flr^t bearing surface 424 and the 
drcumferentlai recess 612. The ends of the eecond lubrication channels 910 are also shown In Fig. 
5(f). The latter figure also shows a piurelHy (here six) of second elongate racesses (slots) 516 
' —disposed-ln-the^fifth- bearrn'g-^ffa6e"434TT'woo 

lubrication channels eKlendfng therefrom to the aforementionBd circumferential reoesd 512. Figuns 
5(g) Is a partial cross-section showing the recesses and channels in another way. 

i^uming to Fig, 5(e), the lubrio^fon fluid enters the bearing member 422 in the direction of airows IC 
The fluid flows in the direction of irraws L to the first elongate recesses 506 on the fimt bearing 
suri'ace424. In the dinSctlon of arrow M totheseoond elongate recesses 51€ on the fifth bearing 
surface 434. and in the direction of ^rrow N (into the paper) to the interior of the bearing member and 
the third bearing surface 430, thereby lubricating the bearing. 



Example 1 

The spe«^fio values for one example (ffl<W vension) of the systenn are set out below. All pressunss are 
in bar (absolute). All temperatures are In ^C. The working fluid is HFE-7100. 



t1 


12 


t3 


t4 


15 


t8 


t7 




123.4 


111.0 


165.0 


130.0 


65.0 


65.0 








pi 


p2 


p3 




11.5 


1.0 


3.4 



E?can}pfe ^ 

The specific values for ^ second ^cample (120KW version) of Bie system are set out below. All 
pressures are in bar (abf^oluto). All temperatures are in «»C. The working fluid is he)sne. 



M 


t2 


t3 


14 




ts 


t7 


226.0 


138.8 


123.8 


210.0 


145.9 


74.0 


64.0 








P1 


P2 


P3 




ld.5 


1.0 





The results front the system demonstrate a veiy useful thermodynamic efficiency (usable electricity out 
to heat in) for the heat recovery and solar thermal industries — 10% for a source flUd input at 1 lO'C 
"16*22% for a source fluid Input at 270"C.' ' 



Refemng to Flgum 6, thl$ Illustrates an alternative (magnetic) coupling of the turbine unit and 
alternator- of Rg. 1(a), in another aspect of the Invention. The View in Ftg. 6(a) is an axlai cross^ection 
- - of the coupling, showing- a fir^t rotary member 502 formed of turtwne shaft 604 arid a firsf magnetic 
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member 606. In turn, the first magndtia (nembdr 606 comprlsds ^rm^ture portion 608, made of 
steel or iron, integral wlili the shaft, and a plurality of magnet $^ions QIQ, to (^escribed further 
herelr^elow. 

The first rotary member 603 te hermettceliy reeled inside a housing 612 thet contains the turbine (not 
shown) and working fiuidrthe houfiing Including-a-cylindriparpartlon-614 containing the first magnetic 
member 606. At least the portion 614 is made of a non-magneUc material, such as stalnlass steel, 
nlmonlc alloy or plastic. 

A second rotary member 816 comprises a second shaft 618 and a generally oyHndrlcai second 
magnetic member 620 Integral therewith. The second magnetic member In turn comprises an outer 
supporting member 622 having a plunalHy of second magnet sectlonB 624 fixedly attached to the 
interior thereof. 

As best shown in Fig. 6(b), (he first rotary member 602 may have e composite containment $helJ 626 
* around at least the cyhndricat part thereof, so as to maintain the first magnet sections 610 in place 
during higlvspeed rotation. The containment shell may be made of a composite SMPh as carbon jffbre 
reinforced plastic (CFRP), kevlar, or glass fibre reinforced plastic (GRP). 

Figure 6(c) is a transverse cross-section at A-A In Fig. 6(a). This shows the first magnet sedions^lO 
and second magnet sections 624 in more detail: in this C99e there ere four of eecht The magnet 
sections are elongate, with a cnoss-seclion simiiar to iha sector of a disc. The magr»at ssoGons are 
permanent magnets formed of a suitable material, such as ferrite materiel. sem^Hum cot>alt or 
neodymfum Iron boron. The direction of the Nortfi-Gouth direction for the nnagnet sections Is radlai/es 
schematicaliy iliusfrated in Fig, 6(d). 

Turning to Fig. 6(e), this shows an aitarnatlve ambodiment, in which the Unst magnetic member 605' 

and the second magnetic member 620* are sMbstentially cflso-shapedr The first magnetic member 606' 
comprises a first mounting section 62S and first magnat eecUons 610', and the second magnetic 

member 620' Ir^dudes a second mounting section 630 and second magnet secfions 624*. As before, a 
non-magnetic portion 614' of the housing (simiiar to 614 end made Of the aforementioned non- 
magnetic material) separates the faces of the disorsheped magnetic membere 606* and 620', which 

. .arejn_ciose^proximity. _ . 

The arrangement of the poles for the magnet sections one or both of tha ffaist and second magnetb 
members 606*. 620' Is iiiustrated schematically in Fig. 6(f). As also Biustrated in Pig. 6<g), the polarity 
of ttie face of the magnet secSons 610' (or 624") altemaies as you go tangentiaily from magnat section 
to magnet section. 
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These mafirtet arrangeinents penrat coupling and transfer of rotatlanal ensroy and torque from the 
turbine shaft 604 to the shaft B18 of the alternator, and are adapted to do so at relatively high speeds, 
e.g. 25,000 to 50^00 rfm. 
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Ciaims: 



1. 



A rotary rnagneilc coupling, comprising: 



a first rotary member, Induding a first shaft having disposed thereon a first magnetic member, 
said first shaft, in use. being driven k>y a sours;? of rotational energy, 

a second roiery- membefr'incluaing a second" sRaTf Ra>ahg dispbiid' thereon a SBMnd 
magneUc member, said second rotary member, in use. receiving rotational energy from the first rotary 
member through ooupiing of th^ first and second magnet members, 

wherein one of said first and second magnetic members, or both, comprise a plurality of 
magnet sections disposed at different angular positions with respect to the axis of said first and 
second shafts. 

2. The magnetic coupling of claim 1» wherein the first rotary member is disposed wlthm a 
hermetically sealed housing, a portion of the tiousing being disposed between the first rotary member 
end the second rotary member and being made of a non-magneilc material. 

3. The magnetic coupling of cieim 2, wlierein the non-magnetic mat^iai camprfses stainless 
steeJ, nimonic alloy, or plastici 

4. The magnetfc coupling of daim. 1 or 2, wherein the first magnetic member comprises an inner 
generally cylindrical amiature portion Integral with the first shaft and a plurality of first magrtet aecfions 
fixedly attached on the exterior of the armature portion. 

5. Ttie magnetic coupling of any of ciaims 1 to 4, wherein the second magnetic mmtber 
comprises an outer generally cylindrical supporting portion integral wWi the second shaft sff\<i a 
pluratil^ of second magnetic sections fixedly attached to ttie interior of the supporting portion. 

e. The magnetic coupling of any of claims 4, wherein the first magnetic member flrrther 
comprises a containment shell, disposed on the extenor of the first magnet sec^ons. for retaining said 
first magnet secfions In position during high-speed rotation of the first shaft 

7. The magnetic coupling of any of Claims 5. wherein the containment shell is made of a 
composite material, for example CFRP. Kevlar or GRP. 

Q. The niagnetic coupling of any of daims 2 to 7, wherein the first magnetic member is disposed 
inside the second magnetic member and separated therefrpm by the portion of the housing. 



9, The magneBo coupling of any of tfie preceding claims, wheiBin the magnet sections comprise 
dipoie magnets the N-S direction of ea^ extending radially. 
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10. The magnetic coupling of any of daims 1 to 3. wherein the fkst maQnefic memher is generally 
dlso-shaped and comprises a first mounting section having fixedly mounted within it the plurality of first 
magnet sections, the first magnet sdcttons thereby fomiing a disc shape. 

1 1. The magnetic coupling of daim 10, wherein the second magnetic member is generally eji^c- 
shaped-and-comprlses^-second-mounting-secUon having fixedly -mounted within (t the- plurality of- 

second magnet sections, the second magnet sections thereby fonmlng a disc shape/ 

12. The magnetic csoupling of any of ffie preceding daims, wherein the first and second magnet 
sections form sectors of a disc. . . . > . 

13. The magnetic coupling of any of claims 10 to 12* wherein the first and second magnet 
sections comprise dipoie magnets wHh the N-S direction of each extending axialiy. 

14. The magnetic couplfaig of any of claims 10 to 13. wherein eeld first dl6f>«heped magnetic 
member is disposed axially aligned adjacent the second dlsc-shapad magnetic mernber end separated 
therefrom by the portion of Bie housing, 

15. The magnetic coupling of any of the preceding dalms. wherein the number of magnetic 
sections of said first magnetic memt>er. and/or said second megnetio member, is an even number of 2 
or more. 

16. The magnetic coupling of any of tiie preoadbig delmep wherein the number of magnetic 
secibns of said fif^t magnetic member. ancVor said second magnetic ir^ember, te 4, 

17. The magnetic coupling of any of the preceding claims, wherein the said magnet sections are 
made of femte matenal, samarium cobalt or naodymfum Iron boron. 

16. The magnetic coupling sutistenttedly as hereinbefore described with reference to the 
accompanying drawings, 

19. A waste energy recovery system, for extracting energy from a source of waste heat, the 
system being a dosed system with e drcuiating working' fluid, comprising e heat exdianger, an 
dectromechanical conversion untt^ a cooling system and a turbine unit. t^)e turbine being hermeticaBy 
sealed and being coupled to the electromechanical conversion unit by a magnetic coupling according 
to any of the preceding daims. 
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Abstract 



A rotary- magnetic coupHrtfl" (for e^cample for coupling BT tQfblne shaft' to' Hlat^cff ari altema!af)V 
comprising: a first rotary lYiember, Including « first shaft having disposed thereon a first magnetic 
member, said flrsl shaft. In usa, being driven by a source of rotational energy, a second rotary 
member, Including a second shaft having disposed thereon a second magnetic member, said second 
rotary member. In use, receiving rotational energy from the first rotary member through coupling of the 
first and second magnet members, vwherefn on© of said first and second magnetic membemi or both, 
comprise a plurality of magnet eeotlons disposed at difforant angular positions with respect to the axis 
of said first and second shafts. The m agnetiQ members may be cylindrical, with the ftrst disposed 
inside the second, or may be disc shaped and disposed opposite each other. The magnet sections are 
disposed in series at different tangential positions around a respective shaft. 



(Fig. G> 
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